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Compariso n of Two Cell- Based Assays
for Screenin g Dioxin and Dioxin-Like
Compounds in Sediments

PURPOSE: The purpo of thistechnicé note is to repot the resuls of studies comparirg two

cell-base assag as screenigtools fa dioxins ard related compounds in sediments. BReuber
H4IIE rat hepatona cell line and the recombinah101L human hepatona cel line were usal to

assy 2,3,7,8-tetrachlorodibenzmdioxin (TCDD) toxic equivalens (TEQS in split sample of the
sane sedimem extracts The two method were compare for sensitiviy and corrdation with

analyticd chemigry results Aninterlabordory comparisa of resuls obtainel withthe 101L cells
was performed.

BACKGROUND : Thereadeisreferred to DOER-C1, “Guidarefor Performane of the H4IIE
Dioxin Screenig Assay (McFarlard et al. 1998)1 for background In tha technicénote the use
of cultured mammalia cells as the bass of assayg for dioxins in environmenthsamples was
described The rationak for their use was given, and a detailal laboratoy protocd for using the
Reube H4IIE cel linefor this purpog was provided Herein further studies are reportal in which

a recombinant ckline, 101L, is usd in side-by-side assayvith the H4IIE on the same sediment
samples.

The basic mechanisn that responds ot the presence fopolychlorinated dioxins/furans
(PCDD/PCDF) coplana polychlorinate biphenyk (PCBs) and polynuclea aromatc hydrocar-
bors(PAHSs) isthesaneinboth H4llE and 101L cells Theinitial reactionisbinding of the chemical
to a cytosolc recepto proten known as the aryl hydrocarba recepto (AhR). This association
leadsto theformation of astabke AhR-ligand complex tha trangocatesto the cel nuclewsand binds
with dioxin recognition elemens (DRES) on te DNA. Asaresult certan genes(e.g, CYP1A1)
areexpressegand detoxifyingenzymearesynthesizedl heamour of enzyneproducelisdirectly
proportion& to the concentratia of bourd chemical Hence the quantitaton of one of these
enzymeaserve asameasue of dioxin activity. Intheassg using H4l1E cells ethoxyresorufin-O-
deethylas (EROD) cleavesresorufn asaby-produd tha can be measurd spectrofluorometaally.
Recently, advansgn transgert researb hawe producel new ways of detecting dioxis and other
chemicas tha bind with the AhR. Recombinatcel lineshawe been developd in which nonmam-
malian reporte genes are inserted downstresfrom the DREs in the DNA of the cells When the
DREsare activatedthereporte gereis switchel on, producirg somne proten othe than ERCD (or
another endogensenzyme tha can be detecte instrumentally For examplethe 101L cel line
is derived from human hepatorna Hep@& cells and is stabl transfectd with a plasmd containing
the human CYP1AL promote sequene fused to thefirefly luciferase gere asareporte (Anderson
et al. 1995). The induction of CYP1Wresuls in the productian of luciferase Light producel by
the action of luciferase on the luciferin substrag can then be measurd with aluminometer The
P43 Reporte Gere Systen (P450RG$isan assg basel on 101L cellsthat iscurrently being used

1 http://www.wes.army.mil/el/dots/doer/technote lhtm
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commercially and was the subject for comparisons with the H4IIE cell-based assay (subsequently
referred to as EROD assay).

MATERIALS AND METHODS

NYDMMP Sediments. Nine subsamples of sediments collected for the New York Dredged
Material Management Plan (NYDMMP) (Simmers and Lee 1998) representing harbors in New
York and New Jersey and a composite of the nine samples were tested for dioxin activity using the
P450RGS and EROD assays. The sediments were given comprehensive chemical analysis sepa-
rately. The sediment subsamples were extracted using the Dionex Accelerated Solvent Extraction
(ASE™) system under high temperature and pressure following U.S. Environmental Protection
Agency (EPA) Method 3540 guidelines for soils and sediments. A portion of each extract was
cleaned on a sulfuric acid/silica gel (SA/SG) column to remove PAHs. Both crude and SA/SG-
cleaned extracts were solvent-exchanged to iso-octane before testing. Results obtained for both
assays were expressed as TCDD TEQs (pg/g) based on 2,3,7,8-TCDD standard curves. Results were
plotted against TCDD TEQs (pg/g) generated from gas chromatography/mass spectrometry
(GC/MS) chemical analysis data, which were calculated from the summation of TEQs derived from
individual congeners of PCDDs/PCDFs and PCBs and/or PAHS.

Miscellaneous Sediments. An additional set of 15 SA/SG-cleaned sediment extracts from
samples collected in various other waterways were also analyzed. The samples were extracted by
either ASEM or Soxhlet methods and cleaned on a SA/SG column. The™™Sfd Soxhlet
extraction methods have been shown to provide comparable results (McFarland et al. 1998). Results
were expressed as described above.

Testing Procedures. The modified testing protocol for the EROD assay in 96-well microtiter
plate format was performed according to the protocol described in McFarland et al. (1998). Briefly,
5 uL of a sample extract in iso-octane was added to each well of a 96-well plate containing 5,000
HA4IIE cells. Iso-octane controls and a series of TCDD concentrations were also tested. The test
mixtures were incubated for 72 hr, after which cells were measured for protein and resorufin
simultaneously using a spectrofluorometer.

The detailed procedure for the PA50RGS assay is described in American Society for Testing and
Materials (ASTM) (1997). Twenty-five thousand 101L cells per well were seeded in six-well plates
and incubated for 72 hr. Five microliters of the sample extract in iso-octane were then added to
each test well. Iso-octane blanks and TCDD standards were also tested. Following a 6-hr or 16-hr
incubation, the cells were washed, lysed, scraped, and the contents transferred into a microcentrifuge
tube. After centrifugation, the supernatant was analyzed for luminescence. Fold induction was
calculated as the number of times the light units of the test sample exceeded the light units of the
iso-octane blanks. The TCDD TEQ of each sample was derived from the TCDD standard curve
generated separately. All the results used in making comparisons with the EROD assay were
obtained from the 16-hr test. Readings were also taken at 6 hr as a qualitative check on the influence
of PAHSs relative to the chlorinated compounds in the samples.
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RESULTS AND DISCUSSION

Toxic Equivalency . The 2,3,7,8-TCID congeneis the mog potert of the 17 PCDD/PCDFs
containirg the 2,3,7,8-chlar substitution pattern, whit is arequiremenfor AhR binding and for
toxicity. For tha reasonthe concentratioaof the othe congenes measurd in chemichanalyses
arenormalizel to 2,3,7,8-TCID using toxic equivaleng factors (TEFs) Toxic equivalens (TEQ)

of the mixtue are equd to the sum of the concentrationsf andividud congenes (i) multiplied by

therr potencies (TER) relaive to 2,3,7,8,-TCDD.

TEQ = 3 (PCDD x TEF) + ¥ (PCDF x TEF) (1)

Hence the TEQ of a PCDD/PCDF mixture can be treated as though it were the concentratia of
2,3,7,8-TCDD In addition to these EPA recognize 13 coplana PCBs as having dioxin toxic
equivalents:

Coplana PCBs ard sone PAHSs bind with the AhR similarly to dioxins but with less strengh and
lesspoteng to effed geretranscription TEFsfor PCBsand PAHsrelaiveto 2,3,7,8,-TCID were
developéd at Columbi Analyticd Servies, Inc. (CAS), CarlsbadCA, usirg the transgert 101L
human hepatonacells The CAS TEFsfor PCBsand PAHswereincluded in TEQ calculatiors for
the NYDMM P GC/MS analyss comparisors with TEQs measurel in the 101L assg (Equation 2).

TEQ = 3 (PCDD x TEF) + Y (PCDF x TEF) +

2
2 (PCB x TER) + 2 (PAHi x TER) @

Additivity is assumednithe calculation ashisa conservative assumptibecaus it is known that
sone PCB mixtures exhibit nonadditive (antagonisdiinteractions (Saf19%).

NYDMMP Sediments . Resuls for the SA/SG-clened sedimem extract obtainel with the
P450RG ard EROD assag were plotted individually againsg the GC/MS chemic analyss data
asshowninFigures1A and 1B, respectively The TCDD TEQsfor theNYDMM PsedimenGC/MS
data were calculatel using PCDD/PCDF ard PCB analyss but nat PAH analyseswith the
assumptia tha all PAHs were removel by the SA/SG cleanup Dioxin activity in 2 of the 10
extract was not detectatl@dwith the EROD assay Thes two dat points were arbitrarly assigned
a TEQ of one-tent the limit of detection (LOD) of the assay The LOD for the P450R(& assay
was 268 pggl, whichwasabou one-hal that of the EROD assg (513 pggl). Thetwo cell-based
assayg are compare in Figure 2. Although neithe assg correbted with the GC/MS data (r2 =
0.240 fa P450RGSr? = 0.0 for EROD) the correktion between th two assag was good (F =
0.610) Furthermorethedistribution of datapoints betwe@ assag suggestasimilar patteninthe
two. The PA50RG assay produaka slightly higher respoego the cleaned extracts tharddhe
EROD assay.

1 http://www.epa.gov/nceawwwl/dchem.htm
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Figure 1. Correlation of calculated TCDD TEQs for GC/MS data with measured TCDD TEQs using the
P450RGS assay (A) or the EROD assay (B) on 10 SA/SG-cleaned NYDMMP sediment
extracts (Means of six replicates + SD)

For comparisons of the GC/MS results with cell-based assay results on the crude NYDMMP
sediment extracts, the GC/MS TEQs were calculated using PCDD/PCDF, PCB, and PAH data.
TEQs of both assays appeared to correlate well with the TEQs calculated from the analytical
chemistry data &= 0.742 and 0.805 for P450RGS and EROD assays, respectively). However, it
is obvious that the correlations were strongly influenced by the most contaminated sediment and
the clustering of the nine lesser contaminated sediments (Figures 3A, 3B). The same effectis evident
in the correlation of TEQs between the two assays (Figure 4). If the influence point is omitted, the
correlation is lost for all three comparisons wifls ranging only from 0.0012 for the comparison
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Figure 2. Correlation of P4A50RGS and EROD assays on 10 SA/SG-cleaned NYDMMP sediment extracts
(Means of six replicates + SD)

of P4A50RGS TEQs with GC/MS TEQs to 0.148 for the comparison of EROD TEQs with GC/MS.
The P450RGS assay produced an approximately 10-fold higher response to the crude extracts than
did the EROD assay, indicating a greater sensitivity to PAHSs.

The distribution of contributions of the chlorinated and of the PAH contaminants to TEQs in the
cell-based assays is shown in Table 1. Inthe crude NYDMMP sediment extracts, the PCDD/PCDF
contributed about one-fourth of the total TEQs with PAHs making up nearly all of the rest. However,
in the cleaned extracts, PCDD/PCDF accounted for approximately 97 percent of the total TEQs,
assuming that all PAHs were removed with the SA/SG cleanup. Because the PAH content was
high, the presence of unknown AhR-active compounds in the crude extracts would not likely affect
the calculated GC/MS TEQs significantly. In contrast, the presence of unknown dioxin-like
compounds in the cleaned extracts could drastically underestimate the GC/MS TEQs. Such
compounds are known to exist and may contribute significantly to toxicity in some environmental
media. For example, polybrominated analogs of PCDD/PCDF have similar enzyme induction
potencies (Mason et al. 1987), and these have been identified in environmental samples (Sellstrom
et al. 1993). The presence of AhR-active compounds in the extracts that were not accounted for in
the chemical analysis may partly explain the poor correlations of TEQs by either assay with TEQs
from sediment chemistry.
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Figure 3. Correlation of calculated TCDD TEQs for GC/MS data with measured TCDD TEQs using the
P450RGS assay (A) or the EROD assay (B) on 10 crude NYDMMP sediment extracts (Means
of six replicates + SD)

Miscellaneous Sediments.  To further compare the sensitivity of the P450RGS and EROD
assays, a set of 15 sediment samples obtained from various other sites were analyzed. Results were
expressed and presented as for the NYDMMP sediments. The miscellaneous sediments were not
as well characterized by chemical analysis as were the NYDMMP sediments. Only PCDD/PCDF
GC/MS chemical analysis was performed on these sediments. One sample, however, was analyzed
for both PCDD/PCDF and PCB. In this sample, PCDD/PCDF contributed 99.7 percent of the total
TEQs, while PCBs contributed only 0.3 percent (Table 1).

Dioxin activity was detected in all 15 sediment extracts with the PA50RGS assay. The correlation
between P450RGS and GC/MS data was godd=(@.714) (Figure 5A). Of the 15 samples, only
six had detectable dioxin activity in the EROD assay, and the correlation of these six points with
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Figure 4. Correlation of P450RGS and EROD assays on 10 crude NYDMMP sediment extracts (Means
of six replicates + SD)

Table 1
Percent Distribution of TEQs in NYDMMP and Miscellaneous Sediment Extracts
NYDMMP Sediments Miscellaneous*

Analytes Cleaned** Crude Cleaned**

PCDDs/PCDFs 96.6 23.6 99.7

PCBs 3.4 0.8 0.3

PAHs NAT 75.6 NA

Total TCDD TEQs 100.0 100.0 100.0

1 Not applicable.

* TCDD TEQs contributed by PCDDs/PCDFs and PCBs were obtained from one sample. Majority of the
miscellaneous samples were not analyzed for PCB content.
**Sulfuric acid/silica gel cleanup step in sample preparation.
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Figure 5. Correlation of calculated TCDD TEQs for GC/MS data with measured TCDD TEQs using the
P450RGS assay (A) or the EROD assay (B) on 15 SA/SG-cleaned miscellaneous sediment
extracts (Means of six replicates + SD)

the GC/MS data was 0.658 (Figure 5B). Comparison of the six sediment extracts with detectable
activity by both assays gave a correlation of 0.457 (Figure 6). As with the NYDMMP sediments,
the P450RGS assay gave a higher response (about 2-fold) than did the EROD assay.

Interlaboratory Comparison of the P4A50RGS Assay . Splits of the NYDMMP sediment
extracts were also analyzed by CAS in order to compare the reproducibility of results using the
P450RGS assay. CAS performed the assay using only three replicates of each sample, whereas six
replicates were analyzed at the U.S. Army Research and Development Center, Waterways Experi-
ment Station (WES). The interlaboratory comparisons are shown in Figures 7 and 8 (crude and
cleaned extracts, respectively). The correlation coefficients show that the results obtained by the
two laboratories were very similar.
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Figure 6. Correlation of P450RGS and EROD assays on 15 crude miscellaneous sediment extracts
(Means of six replicates = SD)

Time and Cost Comparisons. The P450RGS assay was less expensive than the EROD assay
for testing the same number of samples. The cost of testing is reduced considerably when more
samples are run at the same time. The P450RGS has significant advantages over the EROD assay
in terms of the ease of performance and the time required for completion of the assay. Protein
determination is not required for the P450RGS assay, and a much simpler instrument is used in the
guantitation (i.e., a luminometer rather than a spectrofluorometer). The stronger signal produced
by bioluminescence as compared with fluorescence increases the sensitivity of the PA50RGS assay.
The breakdown of cost and time requirements for the assays is shown in Table 2 below.

Table 2

Time and Materials Comparison of the P450RGS and EROD Assays
Expense Item* P450RGS EROD

Cost of supplies, $** 52 65

Labor time, hr1 4.5 11.0

Protein determination No Yes

* Time and the cost of materials based on testing two samples of six replicates each.

** Direct costs only.

I To the nearest one-fourth hour.
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Figure 7. Correlation of PA50RGS performed by WES and by CAS on 10 cleaned NYDMMP sediment
extracts (WES data are means of six replicates + SD; CAS data are means of three replicates
+ SD)

CONCLUSIONS: The P450RGS and EROD assays are nearly equal in detecting dioxin and
dioxin-like compounds in the sediments, but the P450RGS is the more sensitive of the two assays.

In some cases in which the EROD assay could not detect the presence of dioxin and dioxin-like
compounds in the sample, the P450RGS assay was able to do so. The P450RGS assay also has the
capability of determining the predominance of either PAHs or dioxin/dioxin-like compounds
without using a cleanup step, although more definitive results are obtained by using cleanup. The
nonlabor costs incurred in testing two sediment samples are similar for the two assays, but the
P450RGS is considerably less time-consuming.
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Figure 8. Correlation of PA50RGS performed by WES and by CAS on 10 crude NYDMMP sediment
extracts (WES data are means of six replicates + SD; CAS data are means of three replicates
+ SD)
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